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Preface 


The  model  investigation  reported  herein  was  authorized  by  Headquarters, 
U.S.  Army  Corps  of  Engineers,  in  an  indorsement  dated  17  February  1994  to  the 
Division  Engineer,  U.S.  Army  Engineer  Division,  North  Central.  The  study  was 
conducted  for  the  U.S.  Army  Engineer  District,  Rock  Island  (NCR),  in  the 
Hydraulics  Laboratory  of  the  U.S.  Army  Engineer  Waterways  Experiment  Sta¬ 
tion  (WES)  during  the  period  February  1994  to  November  1995. 

During  the  course  of  the  model  study,  representatives  of  U.S.  Army  Engineer 
Districts,  Rock  Island,  St.  Louis,  and  St.  Paul,  and  other  navigation  interests 
visited  WES  at  different  times  to  observe  special  model  experiments  and  to  dis¬ 
cuss  the  experiment  results.  Rock  Island  and  St.  Louis  Districts  were  kept 
informed  of  the  progress  of  the  study  through  monthly  progress  reports  and 
special  briefings  at  the  end  of  each  experiment. 

The  investigation  was  conducted  under  the  general  supervision  of 
Messrs.  F.  A.  Herrmann,  Jr.,  Director  of  the  Hydraulics  Laboratory,  and  R.  A. 
Sager,  Assistant  Director  of  the  Hydraulic  Laboratory;  and  under  the  direct 
supervision  of  Dr.  L.  L.  Daggett,  Acting  Chief,  Waterways  Division,  Hydraulics 
Laboratory.  The  principal  investigator  in  immediate  charge  of  the  model  study 
was  Mr.  R.  T.  Wooley,  assisted  by  Messrs.  R.  A.  McCollum,  H.  E.  Park,  and 
B.  T.  Crawford,  and  Ms.  K.  Anderson-Smith,  all  of  the  Navigation  Division, 
Hydraulics  Laboratory,  and  Mr.  W.  L.  Hanks  of  Soils  Mechanics  Branch,  Geo¬ 
technical  Laboratory,  WES.  This  report  was  prepared  by  Mr.  Wooley. 

This  report  is  being  published  by  the  WES  Coastal  and  Hydraulics  Labora¬ 
tory  (CHL).  The  CHL  was  formed  in  October  1996  with  the  merger  of  the  WES 
Coastal  Engineering  Research  Center  and  Hydraulics  Laboratory.  Dr.  James  R. 
Houston  is  the  Director  of  CHL,  and  Messrs.  Richard  A.  Sager  and  Charles  C. 
Calhoun,  Jr.,  are  Assistant  Directors. 

During  preparation  and  publication  of  this  report.  Dr.  Robert  W.  Whalin  was 
Director  of  WES.  COL  Robin  R.  Cababa,  EN,  was  Commander. 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication, 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  endorsement  or  approval  for  the  use  of  such  commercial  products. 


Conversion  Factors,  Non-SI  to 
SI  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units  as 
follows: 


Multiply 

By 

To  Obtain 

cubic  feet 

0.02831685 

cubic  meters 

degrees  (angle) 

0.01745329 

radians 

feet 

0.3048 

meters 

miles  (U.S.  statute) 

1 .609344 

kilometers 

1  Introduction 


Location  and  Description  of  Prototype 

Lock  and  Dam  22  is  located  on  the  Mississippi  River,  301.2  miles^  upstream 
of  its  confluence  with  the  Ohio  River  (Figure  1).  The  principal  existing  struc¬ 
tures  are  the  main  1 10-  by  600-ft  lock  located  along  the  right  descending  bank, 
an  incomplete  auxiliary  lock  located  riverward  of  the  main  lock,  and  a  1,024-ft 
dam  with  ten  60-ft  tainter  gates  and  three  100-ft  roller  gates.  An  overflow  dike 
with  top  elevation  of  459.5^  extends  from  the  dam  to  high  ground  on  the  left 
bank.  The  dam  provides  a  navigation  pool  that  extends  upstream  about  24  miles 
to  Lock  and  Dam  21.  The  dam  is  operated  to  maintain  a  navigation  pool  of 
el  459.5  at  the  dam.  As  the  riverflow  increases,  the  gates  are  raised  so  normal 
pool  elevation  of  459.5  will  not  be  exceeded. 


History  of  Navigation  improvements  on  the 
Mississippi  River 

In  its  original  condition  prior  to  any  improvements,  the  navigable  channel  of 
the  Mississippi  River  at  low  water  had  a  natural  depth  in  many  places  of  only 
3  ft  or  less.  The  main  channel  was  divided  by  islands  and  bars  that  formed 
chutes,  sloughs,  and  secondary  channels  through  which  considerable  parts  of  the 
low-water  flow  were  diverted  to  the  detriment  of  navigation. 

As  early  as  1824,  the  Federal  government  made  appropriations  to  improve 
navigation  on  the  Mississippi  River  from  the  Missouri  River  to  New  Orleans. 

The  project  adopted  was  for  the  removal  of  such  obstructions  as  snags,  logs,  and 
wrecks.  In  1878,  Congress  authorized  the  4.5-ft  channel,  the  first  comprehensive 
project  on  the  upper  part  of  the  river  from  St.  Paul,  MN,  to  the  mouth  of  the 
Ohio  River,  and  in  1907  authorized  the  6-ft  channel.  The  increase  in  depth  was 
obtained  mainly  by  the  construction  of  hundreds  of  rock  and  brush  dikes,  low 


*  A  table  of  factors  for  converting  non-SI  units  of  measurements  to  SI  units  is  found  on  page  vi. 
^  All  elevations  (el)  cited  herein  are  in  feet  referred  to  the  National  Geodetic  Vertical  Datum 
(NGVD),  except  where  noted. 


Chapter  1  Introduction 


1 


Figure  1 .  Vicinity  map 


2 


Chapter  1  Introduction 


structures  extending  radially  from  the  banks  into  the  channel  to  constrict  low- 
water  flows. 

A  project  adopted  in  1880  provided  for  navigational  improvements,  which 
included  construction  of  41  reservoirs  at  the  headwaters  of  the  Mississippi  River. 
The  reservoirs  in  Minnesota  and  Wisconsin,  six  of  which  were  constructed,  were 
intended  to  collect  surplus  water  in  the  spring  and  release  it  during  low-water 
periods.  Congress  passed  an  act  in  August  1894  providing  for  a  separate  water 
project  on  the  Mississippi  River  between  Minneapolis  and  St.  Paul,  MN.  This 
project  established  the  groundwork  for  Locks  and  Dams  Nos.  1  and  2.  The 
channel  depth  was  changed  from  5  to  6  ft  in  1907,  and  then  on  3  July  1930  the 
Seventy-First  Congress  authorized  the  9-ft  channel.  The  9-ft  channel  from  the 
mouth  of  the  Dlinois  River  to  Minneapolis  was  to  be  achieved  by  construction  of 
a  system  of  locks  and  dams,  supplemented  by  dredging.  In  August  1935,  the 
lower  limit  of  the  project  was  extended  to  the  Missouri  River,  and  on  26  August 
1937,  the  upper  limit  of  the  project  was  extended  to  above  St.  Anthony  Falls 
with  extensions  into  the  Minnesota  and  St.  Croix  Rivers. 

The  Mississippi  River  above  St.  Louis,  MO,  includes  a  system  of  28  dams 
and  29  navigation  locks  that  makes  navigation  for  long-haul  commercial  carriers 
possible  almost  year-round,  with  the  exception  of  ice  stoppage  on  the  upper 
reaches.  The  major  products  moved  on  the  waterway  in  this  area  are  petroleum 
and  petroleum  products,  which  constitute  about  29  percent  of  all  tonnage  passing 
through  the  locks;  about  34  percent  in  grain,  mostly  downbound;  16  percent 
coal;  and  21  percent  other  commodities,  such  as  sulphur,  sand,  steel,  bulk  chemi¬ 
cals,  and  other  manufactured  items. 


Existing  Conditions 

Dam  22  creates  a  shallow  pool  in  the  vicinity  of  the  dam  with  numerous 
islands  and  backwater  areas  ranging  in  depth  from  less  than  a  foot  to  several  feet 
deep.  The  navigation  channel  meanders  through  the  pool  making  numerous 
crossings.  The  navigation  channel  favors  the  left  descending  bank  about  4  miles 
upstream  of  the  dam,  makes  a  crossing  toward  the  right  bank  about  3  miles 
upstream  of  the  dam,  and  approaches  the  lock  along  the  right  bank.  Starting 
about  9,000  ft  upstream  of  the  dam,  the  right  bank  curves  inland  of  a  straight 
alignment  with  the  lock.  From  about  3,000  ft  upstream  of  the  dam,  the  right  bank 
curves  to  the  right  to  approach  the  lock  and  continues  turning  to  the  right  down¬ 
stream  of  the  lock.  Therefore,  the  lock  is  located  on  the  convex  side  of  the  bend 
and  demonstrates  many  of  the  problems  associated  with  locks  located  on  the 
inside  of  bends.  Currents  tend  to  follow  the  bank  line  in  this  area  to  a  point 
about  3,000  ft  upstream  of  the  dam  and  at  that  point  move  across  the  upper  lock 
approach  toward  the  gated  dam,  creating  serious  crosscurrents  in  the  approach. 
Due  to  the  alignment  of  the  channel  and  crosscurrents,  navigation  conditions  for 
downbound  tows  approaching  the  lock  are  extremely  difficult.  Wing  dams  were 
constructed  along  the  right  bank  upstream  of  the  lock;  however,  available  data 
indicate  that  currents  continue  to  follow  the  right  bank  and  adversely  affect  tows 
approaching  the  lock. 
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A  time-lapse  video  recorder  was  installed  in  the  field  to  record  navigation 
conditions  for  tows  entering  and  leaving  the  lock  approaches  during  the  period 
December  1993  to  October  1994.  These  data  provided  valuable  information  on 
navigation  conditions  for  a  wide  range  of  riverflows.  The  time-lapse  video 
indicates  adverse  flow  conditions  in  the  upper  approach  to  the  lock.  A  helper 
boat  is  used  most  of  the  time  to  overcome  the  outdraft  and  align  the  tow  with  the 
guide  wall  (Photos  1  and  2).  The  video  also  indicates  that  currents  moving 
across  the  lower  lock  approach  create  some  problems  for  tows  entering  and  leav¬ 
ing  the  lower  lock  approach.  Downbound  tows  leaving  the  lock  turn  riverward 
as  soon  as  they  clear  the  lock  to  prevent  the  currents  from  moving  the  tow  into 
the  shallow  areas  along  the  right  bank. 


Need  for  and  Purpose  of  Model  Study 

Several  locations  are  being  considered  for  a  new  lock  at  Dam  22.  While 
sound  engineering  judgment  was  used  as  a  screening  tool  in  evaluation  of  the 
various  proposals,  arriving  at  an  analytical  solution  is  very  difficult  due  to  the 
complex  nature  of  the  flow  through  the  reach.  Therefore,  it  was  considered 
necessary  to  determine  the  conditions  that  would  develop  at  the  various  locations 
with  the  new  lock  in  place  and  to  identify  any  structures  or  channel  alignments 
needed  to  improve  navigation  conditions.  The  purposes  of  the  model  study  were 
as  follows: 

a.  Evaluate  navigation  conditions  for  each  lock  location. 

b.  Identify  guard  wall  lengths,  remedial  structures,  and  channel  alignment 
required  to  establish  satisfactory  navigation  conditions. 

c.  Identify  problems  that  may  be  associated  with  a  particular  lock  location 
so  information  can  be  used  in  the  preliminary  design  for  new  locks  at 
other  dam  sites  along  the  upper  Mississippi  River. 

d.  Determine  approach  times  for  various  lock  configurations  at  low, 
moderate,  and  high  flows. 
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2  The  Model 


Description 

The  model  (Figure  2)  reproduced  about  3.5  miles  of  the  Mississippi  River  and 
the  adjacent  overbank  areas  from  about  10,700  ft  upstream  to  about  7,700  ft 
downstream  of  the  existing  dam.  The  model  was  of  the  fixed-bed  type  with 
overbank  areas  and  channels  molded  of  sand-cement  mortar  to  sheet  metal  tem¬ 
plates  set  to  the  proper  grade.  Portions  of  the  model  where  changes  in  bank 
alignment  and  placement  of  new  structures  could  be  anticipated  were  molded  in 
sand  and  overlaid  with  a  thin  layer  of  sand-cement  mortar  to  facilitate  modifica¬ 
tions  necessary  to  determine  navigation  conditions  associated  with  the  various 
plans.  The  lock,  guide  walls,  guard  walls,  and  dam  were  constructed  of  sheet 
metal  and/or  Plexiglas  and  set  at  the  proper  grade.  The  dam  gates  were  simu¬ 
lated  schematically  with  simple  vertical  sheet  metal  slide-type  gates.  The  chan¬ 
nel  portion  of  the  model  was  molded  to  conform  to  a  hydrographic  survey  dated 
October  1993,  and  the  overbanks  were  molded  to  a  topographic  survey  dated 
March  1994. 


Scale  Relations 

The  model  was  built  to  an  undistorted  linear  scale  of  1:120,  model  to  proto¬ 
type.  This  scale  allows  accurate  reproduction  of  velocities,  eddies,  and  cross¬ 
currents  that  would  affect  navigation.  Other  scale  ratios  resulting  from  the  linear 
scale  ratio  are  shown  in  the  following  tabulation: 


Characteristic 

Dimension^ 

Scaie  Relation 
Modei:Prototype 

Length 

Lr 

1;120 

Area 

II 

< 

1:14,400 

Velocity 

II 

1:10.95 

Time 

II 

1:10.95 

Discharge 

Dr=Lr 

1:157,744 

Roughness  (Manning’s  n) 

Nr  =  C* 

1 :2.22 

'  All  relations  are  given  in  terms 

of  length  L  1 
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Measurements  of  discharges,  water-surface  elevations,  and  current  velocities  can 
be  transferred  quantitatively  from  model  to  prototype  by  these  scale  relations. 


Appurtenances 

Water  was  supplied  to  the  model  by  a  10-cfs  pump  operating  in  a  recirculat¬ 
ing  system.  The  discharge  was  controlled  and  measured  by  a  valve  and  a  venturi 
meter.  Water-surface  elevations  were  measured  by  piezometer  gauges  located  in 
the  model  channel  and  connected  to  a  centrally  located  gauge  pit  (Figure  2).  For 
controlled  riverflows,  upper  pool  stages  were  controlled  at  the  dam  by  opening 
and  closing  the  dam  slide  gates;  for  open  riverflows,  tailwater  elevations  were 
controlled  by  a  tailgate  located  at  the  lower  end  of  the  model. 


Model  Adjustment 

The  surface  of  the  model  was  constructed  of  brushed  cement  mortar  to 
provide  a  roughness  (Manning's  n)  of  about  0.0135,  which  corresponds  to  a 
roughness  in  the  prototype  of  about  0.030.  With  the  existing  lock  and  dam  in 
place,  the  model  was  checked  against  available  prototype  data  and  the  constant 
discharge  design  tailwater  and  headwater  rating  curves.  The  results  indicated 
that  the  model  reproduced  conditions  in  the  prototype  with  a  reasonable  degree 
of  accuracy  based  on  the  available  data. 

Information  provided  by  the  time-lapse  video  recorder  and  camera  installed 
at  the  project  from  December  1993  to  October  1994  to  record  the  path  and 
maneuvering  required  for  tows  to  enter  and  leave  the  upper  lock  approach 
(Photos  1-4)  was  then  compared  with  model  data  taken  with  model  tows  entering 
and  leaving  the  upper  lock  approaches  with  various  riverflows.  This  comparison 
indicated  that  the  model  reproduced  prototype  navigation  conditions  that  exist  at 
the  project  with  a  reasonable  degree  of  accuracy. 
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3  Experiments  and  Results 


Experiment  Procedures 


The  primary  concerns  of  the  experiments  were  to  study  flow  patterns,  mea¬ 
sure  velocities  and  water-surface  elevations,  assess  the  effects  of  currents  on  the 
movement  of  the  model  tow  approaching  and  leaving  the  existing  lock,  and 
determine  how  the  placement  of  a  new  1,200-ft  lock  would  affect  current 
patterns  in  the  lock  approaches.  These  conditions  were  studied  with  the  existing 
600-ft  lock  and  with  four  proposals  for  positioning  of  the  1,200-ft  lock.  The  four 
plans  for  placement  of  the  1,200-ft  lock  are  as  follows: 


a.  Location  1:  Adding  a  1,200-ft  lock  landward  of  the  existing  600-ft  lock. 

b.  Location  2:  Extending  the  existing  600-ft  chamber  to  provide  a  1,200-ft 
chamber. 


c.  Location  3:  Adding  a  1,200-ft  lock  at  the  auxiliary  lock  chamber. 

d.  Location  4:  Adding  a  1,200-ft  lock  riverward  of  the  auxiliary  lock  by 
removing  two  gate  bays. 


The  riverflows  were  reproduced  by  introducing  the  proper  discharge  and 
manipulating  the  tailgate  until  the  required  tailwater  elevation  was  obtained. 
During  controlled  pool  flow  conditions,  the  upper  pool  was  maintained  by 
adjusting  the  gates  of  the  dam,  maintaining  a  uniform  opening  for  all  gates.  Dur¬ 
ing  open  river  flows,  all  of  the  dam  gates  were  removed.  During  Base  Experi¬ 
ments,  the  upper  pool  elevation  was  controlled  at  Gauge  4  to  settings  supplied  by 
the  U.S.  Army  Engineer  District,  Rock  Island,  and  the  lower  pool  elevation  was 
controlled  at  Gauge  7  (Figure  2).  For  subsequent  experiments  the  tailwater  was 
controlled  at  Gauge  9  to  elevations  obtained  during  the  Base  Experiment. 

A  selection  of  representative  flows  were  used  for  evaluation  based  on  infor¬ 
mation  furnished  by  the  Rock  Island  District  as  shown  in  the  following 
tabulation: 
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Riverflow,  cfs 

Tailwater  El 

50,000  (controlled  pool) 

451.3 

100,000  (controlled  pool) 

454.7 

162,000  (open  river) 

459.5 

220,000 

462.8 

276,000  (maximum  navigable) 

466.1 

Current  directions  were  determined  by  tracking  the  paths  of  lighted  floats 
with  respect  to  ranges  established  for  that  purpose  with  the  video  camera  track¬ 
ing  system  mounted  over  the  model.  The  floats  were  weighted  to  simulate  the 
maximum  draft  for  loaded  barges  using  the  waterway  (9-ft  prototype).  Veloci¬ 
ties  were  measured  using  a  desktop  computer  that  calculated  velocity  based  on 
the  time  required  by  floats  to  pass  over  a  measured  distance.  This  method  pro¬ 
vided  detailed  information  on  the  currents  that  would  affect  tows  moving 
through  the  reach.  For  clarity,  in  plots  of  currents  in  turbulent  areas  or  where 
eddies  or  crosscurrents  existed,  only  the  main  trends  are  shown.  Confetti  was 
also  used  to  determine  surface  current  patterns.  Dye  was  also  introduced  in  the 
model  to  illustrate  the  current  patterns,  which  were  recorded  with  time-lapse 
photography. 

A  radio-controlled  model  towboat  and  barges  were  used  to  evaluate  and 
demonstrate  the  effects  of  currents  on  tows  approaching  and  leaving  the  lock  and 
in  the  critical  reaches  of  the  project.  The  towboat  was  equipped  with  twin 
screws,  Kort  nozzles,  and  forward  and  reverse  rudders  and  powered  by  a  small 
electric  motor  operating  from  batteries  in  the  tow.  The  speed  and  rudders  of  the 
tow  were  remote-controlled,  and  the  towboat  could  be  operated  in  forward  and 
reverse  at  speeds  comparable  to  those  that  could  be  expected  to  be  used  by  the 
towboats  on  the  Upper  Mississippi  River  waterway.  The  tow  used  in  the  study 
represented  a  makeup  of  fifteen  195-ft-long  by  35-ft-wide  standard  barges  with  a 
150-ft-long  pusher.  This  provided  a  overall  size  tow  of  1,125  ft  long  by  105  ft 
wide  loaded  to  a  draft  of  9  ft.  The  model  towboat  provides  an  accurate  represen¬ 
tation  of  the  maneuvering  characteristics  of  prototype  towboats.  The  speed  of 
the  towboat  was  calibrated  in  slack  water  to  simulate  the  speed  of  a  comparable 
size  prototype  towboat.  The  model  tow  was  operated  at  1  to  2  mph  above  the 
speed  of  the  currents  to  maintain  rudder  control  but  not  overpower  the  currents. 
Multiple-exposure  time-lapse  photography  was  used  to  record  the  path  of  the 
model  tow  navigating  the  reach.  The  video  tracking  system  was  also  used  to 
track  the  model  tow  for  evaluation  of  navigation  conditions  and  for  recording 
approach  times  for  downbound  tows  approaching  the  lock  with  the  various  plans. 
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Base  Experiments  (Existing  Conditions) 

Description 

Base  experiments  were  conducted  with  the  model  reproducing  existing  condi¬ 
tions  as  shown  in  Figure  3.  The  purposes  of  the  experiments  were  to  verify  that 
the  model  was  reproducing  kown  prototype  conditions  and  to  provide  informa¬ 
tion  and  data  that  could  be  used  to  evaluate  the  effect  of  the  proposed  modifica¬ 
tions  on  water-surface  elevations,  current  direction  and  velocities,  and  navigation 
conditions.  The  maneuvering  required  for  the  model  tow  to  navigate  the  reach 
with  various  riverflows  was  compared  to  the  field  data  of  tows  navigating  the 
reach  with  similar  riverflows.  This  comparision  indicated  that  the  model  was 
accurately  simulating  the  effect  of  currents  on  tows  entering  and  leaving  the  lock 
approaches.  The  principal  features  reproduced  or  simulated  in  the  model,  shown 
in  Figures  3  and  4  and  Photo  5,  included  the  following: 

a.  A  lock  with  clear  chamber  dimensions  of  110  ft  wide  by  600  ft  long 
located  along  the  right  descending  bank  at  about  river  mile  301.2,  a 
571-ft-long  upper  guide  wall,  a  571-ft-long  lower  guide  wall,  and  provi¬ 
sions  for  a  second  lock  on  the  riverward  side.  The  top  of  lock  walls 
were  at  el  471.5. 

b  A  1,000-ft-long  rock  dike  extended  upstream  from  the  upstream  end  of 
the  upper  guide  wall.  The  center  line  of  the  rock  dike  was  offset  land¬ 
ward  to  provide  navigation  depth  for  tows  aligned  with  the  guide  wall. 

c.  An  auxiliary  lock  adjacent  to  the  navigation  lock  that  has  only  the  upper 
miter  gate  and  no  usable  chamber. 

d.  A  1,024-ft  nonnavigable  gated  spillway  including  ten  60-  by  25-ft  tainter 
gates  and  three  100-  by  25-ft  roller  gates  with  sill  el  434.5.  The  dam  was 
connected  to  high  ground  on  the  left  overbank  with  an  earth  dike,  top 

el  459.5. 


Results 

Water-surface  elevations.  Water-surface  elevations  obtained  with  existing 
conditions  (Table  1)  indicate  the  average  slope  in  the  model  upstream  of  the  dam 
(Gauges  1-5)  ranged  from  less  than  0.1  to  about  0.8  ft  per  mile  and  downstream 
of  the  dam  (Gauges  6-9),  from  about  0.1  to  0.4  ft  per  mile  with  riverflows  of 
50,000  and  162,000  cfs,  respectively.  The  drop  across  the  gated  dam  (Gauges  5 
and  6)  with  open  riverflows  was  about  0.4  ft. 

Current  directions  and  velocities.  Data  shown  in  Plates  1-5  indicated  that 
the  currents  upstream  of  the  dam  were  generally  parallel  to  the  right  bank  from 
the  upstream  model  limit  until  reaching  the  upstream  end  of  the  stone  dike  along 
the  right  bank  about  2,500  ft  upstream  of  the  dam.  The  flow  then  tended  to 
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Figure  4.  General  plan  and  sections,  existing  structures 


move  across  the  upper  lock  approach  toward  the  dam  creating  a  strong  outdraft 
(Photo  6).  With  the  lower  riverflows  a  clockwise  eddy  formed  in  the  upper  lock 
approach  that  would  tend  to  push  the  head  of  a  tow  away  from  the  guide  wall. 

As  the  discharge  increased  and  the  strength  of  the  crosscurrents  increased,  the 
size  of  the  eddy  decreased  and  at  some  point  ceased  to  exist.  The  currents  down¬ 
stream  of  the  dam  tended  to  move  across  the  lower  lock  approach  toward  the 
right  bank  and  then  parallel  the  right  bank  through  the  modeled  reach.  The 
maximum  velocity  of  the  currents  in  the  navigation  channel  upstream  of  the  lock 
varied  from  about  2.0  to  6.6  fps  approximately  8,000  ft  upstream  of  the  dam,  2.0 
to  6.0  fps  about  3,000  ft  upstream  of  the  dam  where  tows  start  flanking  the  stern 
of  the  tow  toward  the  stone  dike,  and  1.1  to  5.6  fps  near  the  upstream  end  of  the 
guide  wall  with  the  50,000-  and  276,000-cfs  flows,  respectively.  The  maximum 
velocity  of  the  currents  moving  across  the  lower  lock  approach  varied  from  2.5 
to  5.6  fps  with  the  50,000-  and  276,000-cfs  riverflows,  respectively.  The  velocity 
of  the  currents  in  the  navigation  channel  about  5,000  ft  downstream  of  the  dam 
varied  from  about  2.2  to  6.6  fps  with  the  50,000-  and  276,000-cfs  riverflow, 
respectively. 

Navigation  conditions.  Due  to  the  alignment  of  the  right  bank  upstream  of 
the  lock  relative  to  the  upper  guide  wall  and  the  set  of  the  currents  moving  across 
the  upper  approach  of  the  lock,  navigation  conditions  for  downbound  tows  were 
extremely  difficult  even  with  the  lower  riverflows  and  could  be  hazardous  under 
some  conditions.  Field  data  show  that  a  helper  towboat  is  used  by  downbound 
towboats  to  push  their  tows  into  the  guide  wall  with  most  flow  conditions. 
Downbound  tows  approach  the  upper  guide  wall  by  flanking  the  stern  of  the 
towboat  in  close  to  the  rock  dike  running  along  the  right  bank,  bringing  the  tow 
to  a  complete  stop  with  the  head  of  the  tow  swinging  riverward  (Photo  1),  and 
allowing  the  helper  towboat  to  push  the  head  of  the  tow  into  the  guide  wall 
(Photos  2  and  3).  The  helper  towboat  holds  the  tow  close  to  the  guide  wall  as 
the  tow  moves  into  the  lock  chamber.  Experiments  made  with  the  model  tow 
show  the  same  maneuvers  were  required  for  a  downbound  tow  approaching  the 
600-ft  lock  (Photo  7).  Upbound  tows  leaving  the  lock  tend  to  be  moved  river- 
ward  as  they  leave  the  lock  approach,  and  tows  take  a  set  toward  the  right 
descending  bank  to  overcome  the  currents  (Photo  4).  However,  no  major  diffi¬ 
culties  were  indicated  for  tows  with  sufficient  power  and  steerage  to  overcome 
the  currents.  Experiments  made  with  the  model  tow  show  the  same  maneuver 
was  required  for  an  upbound  tow  leaving  the  600-ft  lock  (Photo  8). 

Due  to  the  lock  being  located  on  the  convex  side  of  a  bend,  downbound 
tows  leaving  the  lock  rotate  the  head  of  the  tow  riverward  as  the  tow  moves 
along  the  guide  wall  to  counteract  the  currents  moving  across  the  lower  lock 
approach  (Photo  9).  No  serious  difficulties  were  indicated  for  tows  with  suffic¬ 
ient  power  and  steerage  to  overcome  the  currents.  However,  upbound  tows 
approach  the  lower  guide  wall  with  a  riverward  set  to  counteract  the  currents  and 
let  the  head  of  the  tow  move  into  the  guide  wall  as  the  tow  approaches  the  lock 
chamber.  There  is  a  guard  cell  located  immediately  downstream  of  the  center 
wall  of  the  lock  to  protect  the  lock  wall.  Some  maneuvering  is  required  at  some 
riverflows  for  the  tow  to  align  with  the  guide  wall  and  enter  the  lock  chamber 
(Photo  10). 
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Lock  Location  1 


The  lock  at  Dam  22  is  located  along  the  right  bank  adjacent  to  steeply  rising 
terrain.  Landward  of  the  lock  is  a  railroad  and  State  Highway  79.  Rock  Island 
District  reviewed  the  topography  at  Dam  22  and  decided  it  was  not  feasible  to 
construct  a  new  lock  at  Location  1.  Therefore,  no  model  experiments  were  con¬ 
ducted  with  the  model  simulating  a  new  lock  at  Location  1. 


Lock  Location  2,  Pian  A 

Description 

This  plan  involved  extending  the  existing  600-ft  chamber  to  provide  a  lock 
chamber  with  clear  dimensions  of  110  ft  wide  by  1,200  ft  long.  A  1,200-ft-long 
solid  landside  guide  wall  was  added  to  the  downstream  end  of  the  new  1,200-ft 
lock  chamber,  and  a  1,200-ft-long  ported  guard  wall  was  added  to  the  upstream 
end  of  the  center  lock  wall.  The  solid  upper  guide  wall  for  the  existing  600-ft 
lock  chamber  and  the  stone  dike  along  the  right  bank  were  removed,  and  the 
bank  line  was  excavated  and  reshaped  to  provide  a  200-ft-wide  navigation  chan¬ 
nel  at  the  upstream  end  of  the  guard  wall.  The  IV  on  3H  slope  was  extended  up 
to  el  470  with  a  20-ft-wide  berm  and  a  IV  on  3H  slope  on  the  landside  of  the 
berm.  The  berm  extended  upstream  to  a  point  about  2,400  ft  upstream  of  the 
axis  of  the  dam.  The  entrance  channel  along  the  length  of  the  upper  guard  wall 
was  graded  to  el  438  with  the  excavation  extending  50  ft  riverward  of  the  guard 
wall. 

The  principal  features  of  Lock  Location  2,  Plan  A,  were  as  follows  (Figures  5 
and  6): 


a.  A  110-ft-wide  by  1,200-ft-long  lock  chamber  replacing  the  existing  lock 
chamber. 

b.  A  1,200-ft-long  ported  upper  guard  wall  with  twenty-two  30-ft-diameter 
cells  spaced  50  ft  on  centers  and  a  50-ft-diameter  guard  cell  at  the 
upstream  end  of  the  wall.  This  provided  twenty-two  20-ft-wide  port 
openings  and  one  40-ft-wide  port  opening  with  the  top  of  ports  at  el 
448.5  (11  ft  below  normal  pool  of  459.5).  The  effective  length  of  the 
guard  wall  measured  from  the  upstream  end  of  the  landside  lock  wall  to 
the  upstream  end  of  the  guard  wall  was  1,200  ft  and  would  provide 
protection  for  the  design  size  tow. 

c.  A  1,200-ft-long  solid  lower  guide  wall  extending  downstream  from  the 
land  side  lock  wall. 

d.  Modification  of  the  upper  lock  approach  by  removing  the  existing  upper 
guide  wall  and  the  stone  dike  along  the  right  bank  by  excavating  and 
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Figure  6.  General  plan  and  sections,  Lock  Location  2 


reshaping  the  bank  line  to  provide  a  200-ft-wide  entrance  at  the 
upstream  end  of  the  guard  wall.  The  IV  on  3H  slope  was  extended  up  to 
el  470  with  a  20-ft-wide  berm  and  a  IV  on  3H  slope  on  the  landside  of 
the  berm.  The  berm  extended  upstream  to  connect  with  the  right  bank 
spur  dike  about  2,400  ft  upstream  of  the  axis  of  the  dam.  The  entrance 
channel  along  the  length  of  the  upper  guard  wall  was  graded  to  el  438 
with  the  excavation  extending  50  ft  riverward  of  the  guard  wall. 


Results 

The  model  experiments  were  conducted  using  the  same  operating  procedures 
and  flow  conditions  as  those  used  for  Base  Experiments. 

Water-surface  elevations.  Elevations  shown  in  Table  2  indicate  that  water- 
surface  elevations  were  generally  about  the  same  as  those  measured  during  the 
Base  Experiment  conditions  (Table  1). 

Current  directions  and  velocities.  Current  direction  and  velocity  data 
shown  in  Plates  6-10  indicate  that  the  currents  upstream  of  the  dam  were  gener¬ 
ally  parallel  to  the  right  bank  from  the  upstream  model  limits  until  reaching  the 
right  bank  spur  dike  approximately  3,000  ft  upstream  of  the  axis  of  the  dam. 

Then  the  currents  moved  across  the  upper  approach  of  the  lock  and  around  the 
upstream  end  of  the  guard  wall.  Only  with  a  riverflow  of  100,000  cfs  was  there 
a  tendency  for  the  currents  to  enter  the  upper  lock  approach  parallel  to  the  guard 
wall  (Plate  7).  Currents  downstream  of  the  dam  generally  moved  parallel  to  the 
lock  to  the  downstream  end  of  the  lock  and  then  turned  toward  the  right  bank  and 
moved  across  the  lower  lock  approach.  The  maximum  velocity  in  the  navigation 
channel  upstream  of  the  lock  varied  from  1.6  to  5.0  ^s  about  6,000  ft  upstream 
of  the  axis  of  the  dam  and  from  1.8  to  6.1  fps  about  3,000  ft  upstream  of  the  axis 
of  the  dam  with  the  50,000-  and  276,000-cfs  flows,  respectively.  The  maximum 
velocities  in  the  navigation  channel  downstream  of  the  dam  varied  from  2.7  to 
6.1  fps  near  the  downstream  end  of  the  lower  guide  wall  to  3.1  to  6.6  fps  about 
6,000  ft  downstream  of  the  axis  of  the  dam  with  the  50,000-  and  276,000-cfs 
flows,  respectively. 

Navigation  conditions.  Navigation  conditions  were  unsatisfactory  for 
downbound  tows  approaching  the  new  1,200-ft  chamber.  With  a  riverflow  of 
50,000  cfs,  a  downbound  tow  could  align  with  the  upper  guard  wall  about  four 
tow  lengths  upstream  of  the  upstream  end  of  the  guard  wall,  start  reducing  speed 
about  two  tow  lengths  upstream  of  the  guard  wall,  and  enter  the  lock  approach  at 
a  slow  speed  (Photo  11).  However,  as  the  tow  approached  the  upstream  end  of 
the  right  bank  realignment,  currents  moving  across  the  approach  channel  from 
the  right  bank  area  moved  the  tow  riverward  with  a  possibility  of  the  tow  being 
moved  riverward  of  the  guard  wall.  As  the  riverflow  increased  and  the  magni¬ 
tude  of  the  currents  moving  across  the  approach  increased,  downbound  tows 
were  moved  into  or  riverward  of  the  guard  wall  (Photo  12).  Considerable  maneu¬ 
vering  and  power  would  be  required  for  a  tow  to  avoid  striking  the  upstream  end 
of  the  guard  wall  or  being  moved  riverward  of  the  wall.  Navigation  conditions 
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could  be  hazardous  under  most  conditions.  The  distance  between  the  upstream 
end  of  the  guard  wall  and  the  upstream  end  of  the  realigned  bank  did  not  allow 
sufficient  maneuvering  area  for  a  towboat  to  swing  the  head  of  the  tow  inside 
the  guard  wall.  When  the  head  of  the  tow  was  near  the  upstream  end  of  the 
guard  wall,  the  stem  of  the  tow  was  exposed  to  currents  moving  across  the  upper 
approach.  Adding  the  guard  wall  reduced  the  length  of  protected  area  available 
for  a  towboat  to  maneuver  the  head  of  the  tow  and  made  it  hazardous  for  a  helper 
towboat  to  push  the  head  of  the  tow  toward  the  land  side  of  the  guard  wall. 
Navigation  conditions  were  worse  than  with  existing  conditions  due  to  less 
protected  area  for  maneuvering.  With  existing  conditions,  the  full  length  of  a 
1,200-ft  tow  was  protected  from  crosscurrents,  allowing  the  towboat  to  control 
the  stem  of  the  tow  while  a  helper  towboat  controlled  the  head  of  the  tow. 
Downbound  tows  could  not  enter  the  upper  lock  approach  at  a  safe  speed. 

Upbound  tows  could  leave  the  upper  lock  approach  without  any  major  diffi¬ 
culties.  However,  as  the  tow  moved  upstream  of  the  right  bank  realignment,  it 
was  required  to  take  a  landward  set  to  counteract  the  currents  moving  across  the 
navigation  channel  (Photo  13). 

Navigation  conditions  were  satisfactory  for  tows  entering  and  leaving  the 
lower  lock  approach  with  all  riverflows  evaluated.  Downbound  tows  could 
rotate  the  head  of  the  tow  away  from  the  guide  wall  and  navigate  downstream 
without  any  difficulties  (Photo  14).  Upbound  tows  could  approach  the  lock  from 
midchannel,  align  with  the  guide  wall,  and  enter  the  lock  chamber  with  a  mini¬ 
mum  of  maneuvering  (Photo  15). 


Lock  Location  2,  Plan  B 

Description 

Lock  Location  2,  Plan  B,  was  the  same  as  Plan  A  except  that  a  system  of  five 
spur  dikes  was  constmcted  along  the  right  descending  bank  upstream  of  the  dam 
to  train  currents  along  the  right  bank  (Figure  7  and  Photo  16).  The  river  ends  of 
the  dikes  were  aligned  with  the  20-ft  berm  mnning  along  the  top  bank  of  the 
upper  lock  approach.  This  provided  approximately  8,000  ft  of  straight  naviga¬ 
tion  channel  approaching  the  lock.  The  spacing  between  the  dikes  at  the  river 
end  was  about  1,000  ft.  The  first  dike  was  located  3,251  ft  upstream  of  the  axis 
of  the  dam  and  had  a  250-ft-long  trail  dike  extending  downstream  from  its  river 
end  mnning  parallel  with  the  navigation  channel  (L-head  dike).  The  dikes  were 
added  to  align  the  flow  parallel  with  the  upper  guard  wall  and  away  from  the 
right  bank.  The  NAD  83  State  Plane  Coordinates  for  the  dike  are  listed  in  the 
following  tabulation: 
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Figure  7.  Lock  Location  2,  Plan  B 


Dikes  Numbered 
from  Lock  Upstream 

North  Coordinate 
River  End 

East  Coordinate 

River  End 

Azimuth  of 

Aiignment 

1  (L-headdike) 

N  1 ,085,552 

E  1 ,989,457 

230°53'23'' 

2 

N  1,086,179 

E  1,988,960 

230°53'23" 

3 

N  1 ,086,955 

E  1 ,988,329 

245°53'23'' 

4 

N  1 ,087,731 

E  1 ,987,698 

245°53'23" 

5 

N  1 ,088,507 

E  1 ,987,067 

245°53'23" 

Note:  All  dikes  tied  into 

ligher  ground  at  el  461 .5. 

Results 

The  model  experiments  were  conducted  using  the  same  operating  procedures 
and  flow  conditions  as  those  used  for  Base  Experiments. 

Water-surface  elevations.  Water-surface  elevations  shown  in  Table  3  indi¬ 
cate  that  the  dike  system  increased  water-surface  elevations  upstream  of  the  dam. 
The  increase  in  water-surface  elevations  ranged  from  0.1  to  0.4  ft  with  the 
276,000-  and  50,000-cfs  riverflows,  respectively.  The  largest  increase  in  water- 
surface  elevations  occurred  with  controlled  riverflows  when  the  total  flow  was 
confined  by  the  dike  system.  As  the  elevation  of  the  upper  pool  increased  and 
flow  started  overtopping  the  dikes,  the  increase  in  water-surface  elevations  was 
not  as  much  as  with  existing  conditions.  Scouring  would  probably  occur  river- 
ward  of  the  dikes,  reducing  the  water-surface  level. 

Current  directions  and  velocities.  Current  direction  and  velocity  data 
shown  in  Plates  11-15  indicate  that  the  currents  generally  moved  parallel  with 
the  right  bank  dike  system  from  the  upper  end  of  the  model  into  the  upper  lock 
approach  with  all  riverflows  evaluated.  However,  the  dike  system  also  increased 
the  velocity  of  the  current  slightly  through  this  reach.  The  currents  entered  the 
upper  lock  approach  parallel  to  the  ported  guard  wall  with  very  little  outdraft 
near  the  upper  end  of  the  wall.  The  flow  was  uniformly  distributed  through  the 
guard  wall  ports,  providing  excellent  conditions  for  tows  approaching  the  wall. 
The  maximum  velocity  of  the  currents  in  the  navigation  channel  approaching  the 
new  lock  varied  from  2.7  to  6.2  fps  about  8,000  ft  upstream  of  the  axis  of  the 
dam  (opposite  the  most  upstream  dike),  about  1.8  to  5.9  fps  about  5,000  ft 
upstream  of  the  axis  of  the  dam,  and  about  1.3  to  5.1  fps  approaching  the 
upstream  end  of  the  guard  wall  with  the  50,000-  and  220,000-cfs  riverflows, 
respectively.  Currents  downstream  of  the  dam  were  generally  the  same  as  with 
Plan  A. 

Navigation  conditions.  Navigation  conditions  for  tows  entering  and  leaving 
the  upper  lock  approach  were  greatly  improved  by  adding  the  system  of  dikes 
along  the  right  descending  bank.  Downbound  tows  could  navigate  50  to  100  ft 
riverward  of  the  river  end  of  the  dikes,  align  with  the  guard  wall  three  to  four 
tow  lengths  upstream  of  the  wall,  start  reducing  speed,  and  enter  the  lock 
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approach  at  a  slow  speed  (Photo  17).  As  the  tow  entered  the  lock  approach, 
currents  moving  toward  and  through  the  guard  wall  assisted  the  tow  by  slowly 
moving  the  tow  toward  the  guard  wall  and  aligning  it  with  the  lock  chamber. 
With  the  higher  riverflows,  the  river  ends  of  the  dikes  were  too  close  to  the 
normal  path  of  a  downbound  tow  approaching  the  lock,  and  the  currents  near  the 
ends  of  the  dikes  tended  to  move  the  tow  riverward  of  a  ideal  alignment  for  the 
lock  approach.  Therefore,  a  downbound  tow  was  required  to  take  a  set  toward 
the  dikes  to  counteract  the  currents  until  it  reach  the  vicinity  of  the  L-head  dike 
where  it  could  align  with  the  guard  wall  and  start  reducing  speed  (Photo  18). 
Upbound  tows  could  move  away  from  the  guard  wall,  push  straight  out  of  the 
approach,  and  proceed  upstream  100  to  200  ft  riverward  of  the  dike  system 
without  any  difficulties  (Photo  19). 


Recommendations  for  future  experiments 

If  this  location  is  selected  as  the  recommended  location,  additional  experi¬ 
ments  should  be  conducted  to  improve  navigation  conditions  at  the  site.  The 
length  of  the  dikes  along  the  right  descending  bank  should  be  optimized  by 
shortening  the  dikes.  The  river  end  of  the  dikes  should  allow  a  downbound  tow 
to  align  with  the  upper  lock  approach  while  staying  100  to  200  ft  riverward  of 
the  dikes. 


Lock  Location  3,  Plan  A 

Description 

Lock  Location  3,  Plan  A,  involved  replacing  the  existing  auxiliary  lock  with  a 
new  lock  chamber  with  clear  dimensions  of  110  by  1,200  ft  or  adding  to  the 
existing  structure.  The  upstream  miter  gate  of  the  auxiliary  lock  would  serve  as 
the  upstream  miter  gate  of  the  new  lock. 

The  principal  features,  shown  in  Figures  8  and  9,  were  as  follows: 

a.  Addition  of  a  110-  by  1,200-ft  lock  chamber  incorporating  the  auxiliary 
lock  adjacent  to  the  existing  lock. 

b.  A  1,320-ft-long  ported  guard  wall  with  twenty-four  30-ft-diameter  cells 
spaced  50  ft  on  centers  and  a  50-ft  guard  cell  at  the  upper  end  of  the 
wall.  This  provided  twenty-three  20-ft-wide  port  openings  and  one  40- 
ft-wide  port  opening  with  the  top  of  ports  at  el  448.5  (11  ft  below  normal 
pool  of  459.5).  The  effective  length  of  the  guard  wall  measured  from  the 
upstream  end  of  the  center  wall  to  the  upstream  end  of  the  guard  wall 
was  1,200  ft  and  provided  full  protection  for  the  design  size  tow. 
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Figure  9.  General  plan  and  sections,  Lock  Location  3,  Plan  A 


c.  A  1,200-ft-long  solid  lower  guard  wall  extending  downstream  from  the 
riverside  lock  wall. 

d.  A  600-ft-long  extension  added  to  the  downstream  end  of  the  landside 
guide  wall  of  the  600-ft  lock.  This  provided  416.0  ft  of  usable  length  of 
guide  wall  (measured  from  the  downstream  end  of  the  center  lock  wall  to 
the  downstream  end  of  the  guide  wall  extension)  for  tows  using  the 
existing  600-ft  lock. 


Results 

The  model  experiments  were  conducted  using  the  same  operating  procedures 
for  the  dam  and  flow  conditions  as  those  used  for  Base  Experiments. 

Water-surface  elevations.  Water-surface  elevations  shown  in  Table  4  indi¬ 
cate  that  the  average  slope  of  the  water  surface  through  the  reach  was  generally 
the  same  as  in  the  Base  Experiments.  With  uncontrolled  riverflows  of 
162,000  cfs  and  above.  Gauge  4,  in  the  upper  lock  approach,  shows  a  slight 
increase  in  water-surface  elevation.  This  can  be  attributed  to  the  tendency  for  a 
head  differential  to  build  inside  a  riverside  guard  wall.  This  tendency  is  also 
reflected  with  the  100,000-cfs  controlled  riverflow,  which  was  controlled  at 
Gauge  4.  This  resulted  in  the  water-surface  elevation  upstream  of  Gauge  4  being 
about  0.2  ft  lower  than  those  measured  with  Base  Experiments.  Water-surface 
elevations  downstream  increased  slightly  in  the  vicinity  of  the  new  1,200-ft  lock. 
The  largest  increase  of  0.3  ft  occurred  at  Gauge  7  with  the  162,000-cfs  riverflow. 
This  can  be  attributed  to  Gauge  7  being  located  in  the  lower  approach  of  the 
existing  600-ft  lock;  due  to  its  location,  it  measured  water-surface  elevations 
influenced  by  the  downstream  end  of  the  new  1,200-ft  guide  wall. 

Current  directions  and  velocities.  Currents  upstream  of  the  dam  were 
generally  the  same  as  those  of  Base  Experiments  from  the  upstream  end  of  the 
model  to  the  upstream  end  of  the  right  bank  longitudinal  dike  where  the  new 
guard  wall  started  influencing  the  currents.  Current  direction  and  velocity  data 
shown  in  Plates  16-20  indicate  that  the  currents  generally  moved  parallel  to  the 
right  descending  bank  until  reaching  the  upstream  end  of  the  existing  longitudi¬ 
nal  dike  and  then  moved  across  the  upper  lock  approach.  The  new  ported  guard 
wall  intercepted  some  of  the  flow  moving  across  the  upper  lock  approach  toward 
the  dam.  There  were  some  currents  moving  around  the  upper  end  of  the  guard 
wall  due  to  the  alignment  of  the  currents  approaching  the  wall.  The  flow  that 
was  intercepted  by  the  guard  wall  was  distributed  along  the  wall  and  moved 
through  submerged  ports  of  the  wall.  There  was  more  flow  through  the  ports 
along  the  upper  end  of  the  wall  due  to  the  alignment  of  the  currents  approaching 
the  wall.  The  currents  downstream  of  the  dam  moved  parallel  to  the  new  lock 
from  the  dam  to  the  downstream  end  of  the  new  guard  wall,  then  turned  toward 
the  right  bank,  moving  across  the  approach  to  the  new  lock.  A  low-velocity 
clockwise  eddy  formed  along  the  right  bank  downstream  of  the  lock  and 
extended  upstream  into  the  lower  approach  of  the  lock.  The  maximum  velocity 
of  the  currents  in  the  navigation  channel  upstream  of  the  lock  varied  from  about 
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1.7  to  4.8  fps  6,000  ft  upstream  of  the  axis  of  the  dam  and  from  about  2.0  to 
5.3  fps  near  the  upstream  end  of  the  upper  guard  wall  for  riverflows  of  50,000 
and  276,000  cfs,  respectively.  The  maximum  velocity  in  the  navigation  channel 
downstream  of  the  lock  varied  from  about  3.1  to  6.9  fps  near  the  downstream 
end  of  the  lower  guard  wall  with  the  50,000-  and  220,000-cfs  riverflows,  respec¬ 
tively,  and  from  about  2.5  to  6.7  fps  about  3,000  ft  downstream  of  the  lock  for 
riverflows  of  50,000  and  276,000  cfs,  respectively. 

Navigation  conditions.  Navigation  conditions  were  improved  for  tows 
entering  and  leaving  the  upper  lock  approach  with  all  riverflows  evaluated 
compared  with  Base  Experiments.  With  the  50,000-cfs  riverflow,  downbound 
tows  could  drive  toward  the  upper  lock  approach,  align  with  the  guard  wall  about 
three  tow  lengths  upstream  of  the  wall,  start  reducing  speed,  and  enter  the  lock 
approach  at  a  slow  speed  (Photo  20).  As  the  tow  approached  the  upper  end  of 
the  right  bank  longitudinal  dike,  the  flow  moving  from  the  right  bank  toward  the 
dam  started  moving  the  tow  toward  the  dam  and  out  of  alignment  with  the 
approach.  However,  the  velocity  of  the  currents  was  low,  and  the  tow  was  able 
to  control  its  alignment  with  a  minimum  of  maneuvering  and  enter  the  approach 
without  any  major  difficulties.  As  the  riverflow  increased,  a  downbound  tow 
was  required  to  take  a  set  toward  the  right  descending  bank  to  counteract  the 
flow  along  the  right  bank  as  it  approached  the  lock  (Photo  21).  Although  a 
downbound  tow  could  align  with  the  upper  guard  wall  and  enter  the  upper 
approach  at  a  slow  speed,  any  error  in  alignment  could  result  in  the  tow  being 
required  to  stop  and  flank  toward  the  right  bank  to  align  with  the  approach 
before  entering  it.  This  maneuver  could  require  considerable  time,  and  cautious 
pilots  may  use  this  maneuver  during  most  of  the  downbound  approaches.  As  the 
riverflow  increased  above  162,000  cfs,  downbound  tows  were  required  to  drive 
as  close  along  the  right  bank  as  channel  depth  allowed,  start  flanking  about  three 
tow  lengths  upstream  of  the  upper  end  of  the  guard  wall,  reduce  speed  while 
holding  the  stem  of  the  tow  into  the  right  bank,  ease  the  tow  down  the  right 
bank,  and  swing  the  head  of  the  tow  landward  of  the  guard  wall  (Photo  22).  This 
maneuver  was  very  difficult,  and  any  error  in  judgment  or  alignment  could  have 
resulted  in  the  tow  striking  the  upper  end  of  the  guard  wall  or  being  moved 
around  the  upper  end  of  the  wall.  Upbound  tows  could  move  away  from  the 
guard  wall,  take  a  set  toward  the  right  bank  to  counteract  the  currents  moving 
toward  the  dam,  and  exit  the  approach  without  any  major  difficulties  (Photo  23). 
As  the  tow  moved  upstream,  it  was  required  take  a  greater  set  toward  the  right 
bank  to  counteract  the  currents,  similar  to  Base  Experiments  with  existing 
conditions. 

Tows  could  enter  and  leave  the  lower  lock  approach  without  any  major 
difficulties  with  all  riverflows  evaluated.  Downbound  tows  could  move  away 
from  the  lower  guard  wall,  turn  riverward,  and  move  toward  midchannel 
(Photo  24).  However,  due  to  the  alignment  of  the  currents  immediately  down¬ 
stream  of  the  guard  wall  and  the  turn  required  for  the  tow  to  enter  the  existing 
navigation  channel,  the  stem  of  the  tow  swung  close  to  the  right  bank.  Some 
additional  channel  excavation  may  be  required  to  provide  adequate  navigation 
depth.  Upbound  tows  could  navigate  along  the  existing  navigation  channel  to  a 
point  about  two  tow  lengths  downstream  of  the  guard  wall,  start  moving  toward 


Chapter  3  Experiments  and  Results 


25 


the  right  bank  and  taking  a  set  toward  the  left  bank  to  counteract  the  current 
moving  around  the  lower  end  of  the  guard  wall,  and  enter  the  lock  approach 
without  any  major  difficulties  (Photo  25).  As  the  tow  entered  the  protection  of 
the  guard  wall,  the  clockwise  eddy  that  formed  along  the  right  bank  necessitated 
some  maneuvering  by  the  tow.  The  tow  started  maneuvering  to  approach  the 
guard  wall  by  flanking  to  reduce  speed  and  to  counteract  the  rotation  of  the  eddy. 
With  the  higher  riverflows  and  faster  eddy  velocities,  considerable  maneuvering 
can  be  required  for  the  tow  to  align  with  the  wall  and  push  into  the  lock 
chamber. 


Recommendations  for  future  experiments 

If  this  location  is  selected  as  the  recommended  location,  additional  experi¬ 
ments  should  be  conducted  to  improve  navigation  conditions  at  the  site.  Some  of 
the  recommended  experiments  are  as  follows: 

a.  A  system  of  dikes  similar  to  those  in  Plan  B  should  be  developed  to 
improve  navigation  conditions  for  tows  entering  and  leaving  the  upper 
lock  approach.  The  length  of  the  dikes  may  be  slightly  different  from 
those  developed  in  Plan  B. 

b.  A  50-  to  75-ft-long  wing  wall  angled  10  to  15  degrees  off  the  lower 
riverside  lock  wall  could  aid  a  tow  approaching  the  lock  chamber  by 
guiding  the  head  of  the  tow  into  the  guard  wall. 

c.  Realignment  of  the  right  descending  bank  immediately  downstream  of 
the  lock  may  reduce  the  size  and  intensity  of  the  eddy  that  forms 
between  the  new  guard  wall  and  the  right  bank.  This  could  reduce  the 
maneuvering  required  for  a  tow  to  approach  the  lock  and  align  with  the 
guard  wall. 

d.  Moving  the  riverside  1,200-ft-long  solid  lower  guard  wall  to  the  landside 
lower  lock  wall  may  improve  navigation  conditions  for  tows  entering 
and  leaving  the  new  1,200-ft  lock.  However,  a  landside  guide  wall  could 
restrict  the  use  of  the  existing  600-ft-long  lock. 


Lock  Location  4,  Plan  A 

Description 

Lock  Location  4,  Plan  A,  involved  adding  a  new  lock  with  clear  dimensions 
of  110  by  1,200  ft  riverward  of  the  existing  auxiliary  lock.  The  upper  gate  pintle 
of  the  new  lock  was  located  at  sta  5+90A,  or  about  70  ft  upstream  of  the  axis  of 
the  dam.  The  two  gates  and  dam  piers  adjacent  to  the  auxiliary  lock  were 
removed.  The  riverside  wall  of  the  new  lock  incorporated  the  right  pier  of  the 
third  gate.  A  1,200-ft-long  ported  upper  guard  wall  and  a  1,200-ft-long  solid 
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lower  guard  wall  were  constructed.  A  60-ft-wide  tainter  gate  with  a  design  simi¬ 
lar  to  those  of  the  existing  dam  was  installed  in  the  chamber  of  the  auxiliary  lock 
with  the  gate  aligned  with  the  existing  gates. 

The  principal  features  of  this  plan  were  as  follows  (Figures  10  and  11  and 
Photos  26  and  27): 

a.  A  110-  by  1,200-ft  lock  riverward  of  the  auxiliary  lock.  The  upper  gate 
pintle  of  the  new  lock  was  located  at  sta  5+90A.  This  placed  the  gate 
pintle  of  the  new  lock  70  ft  upstream  of  the  axis  of  the  dam. 

b.  A  1,200-ft-long  ported  guard  wall  with  twenty-two  30-ft-diameter  cells 
spaced  50  ft  on  centers  and  a  50-ft  guard  cell  at  the  upper  end  of  the 
wall.  This  provided  twenty-two  20-ft-wide  port  openings  and  one  40-ft- 
wide  port  opening  with  the  top  of  ports  at  el  448.5  (11  ft  below  normal 
pool  of  459.5).  The  effective  length  of  the  guard  wall  measured  from  the 
upstream  end  of  the  center  wall  to  the  upstream  end  of  the  guard  wall 
was  1,200  ft  and  would  provide  full  protection  for  the  design  size  tow. 

c.  A  1,200-ft-long  solid  lower  guard  wall  extending  downstream  from  the 
riverside  lock  wall. 

d.  Removal  of  the  two  dam  piers  and  gates  adjacent  to  the  auxiliary  lock  to 
construct  the  new  lock. 

e.  Construction  of  a  60-ft-wide  tainter  gate  with  the  same  design  as  the 
existing  dam  gates  between  the  new  lock  and  the  existing  600-ft  lock  for 
passage  of  ice  or  flow  during  high  riverflows. 

f.  Construction  of  two  new  60-ft-wide  tainter  gates  with  the  same  design  as 
the  existing  dam  gates  adjacent  to  the  left  end  of  the  dam.  The  existing 
left  abutment  of  the  dam  was  removed  along  with  the  storage  yard  and 
reconstructed  adjacent  to  the  new  gates. 


Results 

The  model  experiments  were  conducted  using  the  same  operating  procedures 
for  the  dam  and  flow  conditions  as  those  used  for  Base  Experiments.  The  new 
60-ft-wide  tainter  gate  between  the  locks  was  closed  during  all  navigation  river- 
flows.  The  new  gate  would  be  used  to  pass  ice  during  periods  when  tows  are  not 
using  either  of  the  locks  or  used  to  pass  flow  with  flood  flows  when  the  lock  is 
closed  to  navigation. 

Water-surface  elevations.  Water-surface  elevations  shown  in  Table  5  indi¬ 
cate  that  the  slope  of  the  water  surface  through  the  reach  was  generally  the  same 
as  with  Base  Experiments.  With  open  riverflows  of  162,000  cfs  and  above, 
water-surface  elevations  at  Gauge  4,  in  the  upper  lock  approach,  increased  more 
than  1.0  ft.  This  can  be  attributed  to  the  tendency  for  a  head  differential  to  build 
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Figure  1 1 .  General  plan  and  sections,  Lock  Location  4,  Plan  A 


inside  the  riverside  guard  wall  due  to  the  amount  of  flow  being  intercepted  by 
the  guard  wall.  This  tendency  is  also  reflected  in  the  water-surface  elevations 
upstream  of  the  lock  with  the  100,000-cfs  controlled  riverflow,  which  was  con¬ 
trolled  at  Gauge  4.  This  resulted  in  the  water-surface  elevation  upstream  of 
Gauge  4  being  0.2  to  0.3  ft  lower  than  those  measured  with  Base  Experiments. 
Water-surface  elevations  downstream  of  the  dam  increased  slightly  in  the  vicin¬ 
ity  of  the  new  1,200-ft  lock.  The  largest  increase  of  0.4  ft  occurred  at  Gauge  6, 
which  is  immediately  downstream  of  the  dam. 

Current  directions  and  velocities.  Currents  upstream  of  the  dam  were  gen¬ 
erally  the  same  as  those  of  Base  Experiments  from  the  upstream  end  of  the 
model  to  the  upstream  end  of  the  right  bank  longitudinal  dike  where  the  new 
guard  wall  started  influencing  the  currents.  Current  direction  and  velocity  data 
shown  in  Plates  21-25  and  dye  pattern  shown  in  Photo  28  indicate  that  the  cur¬ 
rents  generally  moved  parallel  to  the  right  descending  bank  until  reaching  the 
upstream  end  of  the  longitudinal  dike  and  then  moved  across  the  upper  lock 
approach.  The  new  ported  guard  wall  intercepted  most  of  the  currents  moving 
across  the  upper  lock  approach.  Some  currents  were  moving  around  the 
upstream  end  of  the  guard  wall  due  to  the  alignment  of  the  currents  approaching 
the  wall.  The  flow  entering  the  upper  lock  approach  was  uniformly  distributed 
along  the  wall  and  moved  through  the  ports  of  the  wall,  except  with  the  276,000- 
cfs  riverflow  (Plate  25),  where  the  flow  was  concentrated  toward  the  upstream 
end  of  the  wall  and  a  large  clockwise  eddy  formed  in  the  approach.  The  currents 
downstream  of  the  dam  moved  parallel  to  the  lock  wall  from  the  dam  to  the 
downstream  end  of  the  lock,  then  turned  toward  the  right  bank,  moving  across 
the  lock  approach  and  around  the  downstream  end  of  the  lower  guide  wall.  A 
large  clockwise  eddy  formed  along  the  right  bank  downstream  of  the  lock  and 
extended  upstream  into  the  lower  approach  of  the  existing  600-ft  lock.  The 
maximum  velocity  of  the  currents  in  the  navigation  channel  upstream  of  the  lock 
varied  from  about  1.8  to  4.4  fps  about  8,000  ft  upstream  of  the  dam,  1.3  to  5.0 
fps  about  4,000  ft  upstream  of  the  dam  where  tows  would  start  reducing  speed  to 
approach  the  lock,  and  about  1.7  to  5.0  fps  near  the  upstream  end  of  the  new 
guard  wall  with  the  50,000-  and  220,000-cfs  riverflows,  respectively.  A 
maximum  current  velocity  of  6.5  fps  occurred  near  the  upstream  end  of  the  guard 
wall  with  the  276,000-cfs  riverflow.  The  maximum  velocity  of  the  currents  in 
the  navigation  channel  downstream  of  the  lock  varied  from  about  3.7  to  7.9  fps 
near  the  downstream  end  of  the  lower  guard  wall  and  from  about  3.5  to  8.4  fps 
about  3,000  ft  downstream  of  the  lock  for  riverflows  of  50,000  and  276,000  cfs, 
respectively. 

Navigation  conditions.  Navigation  conditions  were  improved  for  tows 
entering  and  leaving  the  upper  lock  approach  with  all  riverflows  evaluated  com¬ 
pared  with  those  of  Base  Experiments.  With  the  50,000-cfs  riverflow,  down- 
bound  tows  could  drive  toward  the  upper  lock  approach,  align  with  the  guard 
wall  about  four  tow  lengths  upstream  of  the  wall,  start  reducing  speed  about  two 
tow  lengths  upstream  of  the  wall,  and  enter  the  lock  approach  at  a  slow  speed 
(Photo  29).  As  the  tow  approached  the  upper  end  of  the  right  bank  longitudinal 
dike,  the  flow  moving  from  the  right  bank  toward  the  dam  started  moving  the 
tow  toward  the  dam.  However,  the  velocity  of  the  currents  was  low  and  the  tow 


30 


Chapter  3  Experiments  and  Results 


was  able  to  control  its  alignment  with  a  minimum  of  maneuvering  and  enter  the 
approach  without  any  difficulties.  As  the  flow  increased  to  162,000  cfs,  a  down- 
bound  tow  was  required  to  drive  close  along  the  right  bank,  start  flanking  about 
three  tow  lengths  upstream  of  the  upper  end  of  the  guard  wall,  reduce  speed 
while  moving  the  stern  of  the  tow  into  the  right  bank,  ease  the  tow  down  the 
right  bank,  and  swing  the  head  of  the  tow  landward  of  the  guard  wall  (Photo  30). 
This  maneuver  was  very  difficult,  and  any  error  in  judgment  or  alignment  could 
result  in  the  tow  striking  the  upper  end  of  the  guard  wall.  Upbound  tows  could 
move  away  from  the  guard  wall,  take  a  set  toward  the  right  bank  to  counteract 
the  currents  moving  toward  the  dam  from  the  right  bank,  and  exit  the  approach 
without  any  major  difficulties  (Photo  31). 

Tows  could  enter  and  leave  the  lower  lock  approach  without  any  major  diffi¬ 
culties  with  all  riverflows  evaluated.  Downbound  tows  could  move  away  from 
the  lower  guard  wall,  turn  riverward  as  they  cleared  the  downstream  end  of  the 
wall,  and  move  toward  midchannel  (Photo  32).  Upbound  tows  could  approach 
the  lock  from  midchannel  to  a  point  about  two  tow  lengths  downstream  of  the 
lower  end  of  the  guard  wall,  start  moving  toward  the  right  bank  and  taking  a  set 
toward  the  left  bank  to  counteract  the  current  moving  around  the  lower  end  of 
the  guard  wall,  and  enter  the  lock  approach  without  any  major  difficulties 
(Photo  33).  As  the  tow  entered  the  protection  of  the  guard  wall,  the  clockwise 
eddy  that  formed  along  the  right  bank  downstream  of  the  approach  necessitated 
maneuvering  by  the  tow.  The  tow  started  maneuvering  to  approach  the  guard 
wall  by  flanking  to  reduce  speed  and  to  counteract  the  rotation  of  the  eddy.  With 
the  higher  riverflows  and  faster  eddy  velocities,  considerable  maneuvering  can 
be  required  for  the  tow  to  align  with  the  wall  and  push  into  the  lock  chamber. 


Recommendations  for  future  experiments 

If  this  location  is  selected  as  the  recommended  location,  additional  experi¬ 
ments  should  be  conducted  to  improve  navigation  conditions  at  the  site.  Some  of 
the  recommended  experiments  are  as  follows: 

a.  A  system  of  dikes  similar  to  that  of  Plan  B  should  be  developed  to 
improve  navigation  conditions  for  tows  entering  and  leaving  the  upper 
lock  approach.  The  lengths  of  the  dikes  may  be  slightly  different  from 
those  developed  in  Plan  B. 

b.  A  50-  to  75-ft-long  wing  wall  angled  10  to  15  degrees  off  the  lower 
riverside  lock  wall  could  aid  a  tow  approaching  the  lock  chamber  by 
guiding  the  head  of  the  tow  into  the  guard  wall. 

c.  Realignment  of  the  right  descending  bank  immediately  downstream  of 
the  lock  may  reduce  the  size  and  intensity  of  the  eddy  that  forms 
between  the  new  guard  wall  and  the  right  bank.  This  could  reduce  the 
maneuvering  required  for  a  tow  to  approach  the  lock  and  align  with  the 
guard  wall. 
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d.  Moving  the  riverside  1,200-ft-long  solid  lower  guard  wall  to  the  landside 
lower  lock  wall  may  improve  navigation  conditions  for  tows  entering 
and  leaving  the  new  1,200-ft  lock.  However,  a  landside  guide  wall  could 
restrict  the  use  of  the  existing  600-ft-long  lock. 


Approach  Time  Experiments 

The  approach  times  for  downbound  tows  were  recorded  both  for  existing 
conditions  and  all  lock  locations  using  a  video  tracking  system.  The  time 
reported  in  Table  6  is  the  time  required  for  a  tow  to  navigate  the  reach  from  a 
point  6,720  ft  upstream  of  the  axis  of  the  dam  to  a  point  where  the  tow  was 
aligned  to  enter  the  lock  chamber.  The  time  reported  for  existing  conditions  is  a 
combination  of  field  data  and  model  data.  The  field  of  view  of  the  field  camera 
did  not  provide  a  good  view  or  means  for  measuring  the  location  of  the  tow  at 
the  extreme  upstream  location.  Therefore,  model  data  were  used  to  measure  the 
time  required  for  a  tow  to  move  from  a  point  6,720  ft  upstream  of  the  axis  of  the 
dam  to  the  upstream  end  of  the  right  bank  stone  dike,  which  is  about  1,800  ft 
upstream  of  the  axis  of  the  dam.  The  field  data  provide  better  measurements  of 
the  time  required  for  a  tow  to  move  from  the  upstream  end  of  the  dike  into  the 
lock  chamber  due  to  the  maneuvering  required  and  the  need  for  a  helper  towboat. 
The  two  times  were  then  combined  to  provide  an  overall  time  for  a  tow  to 
approach  the  lock.  The  model  tow  was  operated  at  about  2  mph  above  the  speed 
of  the  currents  to  maintain  steerage  except  when  the  tow  was  entering  the  lock 
approach.  As  the  tow  approached  the  lock,  it  reduced  speed  to  enter  the  lock 
approach  at  a  slower  speed. 

All  of  the  evaluated  lock  locations  improved  (reduced)  the  transit  time  except 
with  riverflows  greater  than  50,000  cfs  and  Lock  Location  2,  Plan  A,  when  tows 
could  not  enter  the  upper  lock  approach  due  the  extreme  crosscurrents.  Most  of 
the  improvement  in  the  transit  times  can  be  attributed  to  the  new  lock  at  all  loca¬ 
tions  having  a  ported  upper  guard  wall  and  in  the  case  of  Lock  Location  2, 

Plan  B,  an  improved  channel  alignment  approaching  the  lock.  Lock  Location  2, 
Plan  B,  showed  the  most  improved  transit  time.  This  can  be  attributed  to  down- 
bound  tows  entering  the  lock  approach  without  maneuvering  to  reduce  speed  or 
align  with  the  guard  wall.  With  Locations  3  and  4,  the  tow  was  required  to 
reduce  speed  and  maneuver  to  align  with  the  guard  wall  due  to  currents  moving 
across  the  upper  lock  approach.  It  should  be  noted  that  using  the  approach  times 
as  the  only  criterion  for  selection  of  a  location  is  not  advisable. 
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4  Discussion  of  Resuits  and 
Conciusions 


Limitations  of  Modei  Results 


Analysis  of  the  results  of  this  investigation  is  based  on  a  study  of  the  effects 
of  various  plans  and  modifications  on  water-surface  elevations  and  current  direc¬ 
tions  and  velocities  and  the  effects  of  the  resulting  currents  on  the  behavior  of 
the  model  towboat  and  tow.  In  evaluating  experiment  results,  it  should  be  con¬ 
sidered  that  small  changes  in  current  directions  and  velocities  are  not  necessarily 
changes  produced  by  a  modification  in  the  plan  since  several  floats  introduced  at 
the  same  point  may  follow  a  different  path  and  move  at  somewhat  different 
velocities  because  of  pulsating  currents  and  eddies.  Current  directions  and 
velocities  shown  in  the  plates  were  obtained  with  floats  submerged  to  a  depth  of 
a  loaded  barge  (9-ft  prototype)  and  are  indicative  of  the  currents  that  would 
affect  the  behavior  of  tows. 

The  small  scale  of  the  model  made  it  difficult  to  reproduce  accurately  the 
hydraulic  characteristics  of  the  prototype  structures  or  to  measure  water-surface 
elevation  within  an  accuracy  greater  than  about  ±0.1  ft  prototype.  Also,  current 
directions  and  velocities  were  based  on  steady  flows  and  would  be  somewhat 
different  with  varying  flows.  The  model  was  of  the  fixed-bed  type  and  was  not 
designed  to  reproduce  overall  sediment  movement  that  might  occur  in  the  proto¬ 
type  with  the  various  plans;  therefore,  changes  in  channel  configuration  resulting 
from  scouring  and  deposition  and  any  resulting  changes  in  current  directions  and 
velocities  were  not  evaluated. 

Recommendations  for  improving  navigation  conditions  with  the  various  plans 
are  presented  for  planning  purposes  and  should  not  be  used  for  final  design  of 
the  project  without  additional  model  experiments  to  verify  navigation  conditions 
with  the  proposed  modification. 
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Summary  of  Results  and  Conclusions 

The  following  results  and  conclusions  were  developed  during  the  investigation: 

a.  With  all  locations  evaluated,  a  system  of  dikes  upstream  of  the  lock  along 
the  right  descending  bank  would  improve  navigation  conditions  for  tows 
entering  and  leaving  the  locks. 

b.  A  design  that  features  a  ported  upper  guard  wall  would  eliminate  the 
need  for  a  helper  towboat,  provided  a  system  of  dikes  is  provided  along 
the  right  descending  bank  to  control  the  current  approaching  the  lock. 

The  effective  length  of  the  guard  wall  should  be  long  enough  to  provide 
protection  for  the  full  length  of  the  design  tow. 

c.  Model  data  indicate  satisfactory  navigation  conditions  can  be  established 
for  tows  entering  and  leaving  the  new  lock  with  all  lock  locations  evalu¬ 
ated.  However,  Lock  Locations  3  and  4  would  require  less  modification 
to  the  existing  bank  line  to  provide  acceptable  navigation  conditions. 

d.  Lock  Location  2  required  a  system  of  dikes  upstream  of  the  lock  along 
the  right  descending  bank,  like  those  shown  in  Figure  7,  to  establish 
satisfactory  navigation  conditions  for  downbound  tows  approaching  the 
lock. 

e.  Lock  Location  3  provided  marginally  acceptable  navigation  conditions 
for  tows  entering  and  leaving  the  new  lock  without  a  system  of  dikes 
upstream  of  the  lock  along  the  right  descending  bank.  However,  a  system 
of  dikes  similar  to  those  shown  in  Lock  Location  2,  Plan  B,  would 
improve  navigation  conditions  for  tows  entering  and  leaving  the  lock. 

/.  Lock  Location  4  provided  acceptable  navigation  conditions  for  tows 
entering  and  leaving  the  new  lock  without  any  modification  to  the  exist¬ 
ing  bank  or  a  system  of  dikes  upstream  of  the  lock  along  the  right 
descending  bank.  However,  a  system  of  dikes  similar  to  those  of  Lock 
Location  2,  Plan  B,  would  improve  navigation  conditions  for  tows  enter¬ 
ing  and  leaving  the  lock.  The  60-ft-wide  tainter  gate  between  the  locks 
should  be  closed  during  all  navigation  riverflows. 

g.  With  Lock  Location  4,  moving  the  riverside  1,200-ft-long  solid  lower 
guard  wall  to  the  landside  lower  lock  wall  may  improve  navigation  condi¬ 
tions  for  tows  entering  and  leaving  the  new  1,200-ft  lock.  However,  a 
landside  guide  wall  could  restrict  the  use  of  the  existing  600-ft-long  lock. 
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Table  1 

Water-Surface  Elevations,  Base  Experiment 


Gauge  No. 


Water-Surface  Elevations,  ft  NGVD,  for  Discharge,  cfs 


1 

459.6 

459.9 

460.7 

464.3 

467.4 

2 

459.6 

459.7 

460.1 

463.9 

467.1 

3 

459.5 

459.5 

459.6 

463.5 

466.7 

4 

459.5' 

459.5' 

459.5' 

463.5 

466.7 

5 

459.5 

459.4 

459.4 

463.4 

466.5 

6 

451.3 

454.7 

458.9 

462.9 

466.1 

7 

451 .3' 

454.7' 

458.8 

462.8' 

466.1' 

8 

451.2 

454.6 

458.7 

462.8 

466.1 

9 

451.0 

454.4 

458.6 

462.6 

465.8 

’  Controlled  elevation. 


Table  2 

Water-Surface  Elevations,  Lock  Location  2,  Plan  A 


Gauge  No. 


1 


Water-Surface  Elevations,  ft  NGVD,  for  Discharge,  cfs 


459.5 

459.8 

460.7 

464.3 

467.4 

459.5 

459.6 

460.1 

463.9 

467.1 

459.4 

459.4 

459.6 

463.5 

466.7 

459.5' 

459.5* 

459.9 

463.7 

467.0 

459.4 

459.4 

459.4 

463.4 

466.5 

451.4 

454.8 

459.0 

463.0 

466.1 

451.3 

454.7 

458.8 

462.8 

466.2 

451 .2 

454.6 

458.7 

462.8 

466.1 

451.0 

454.4 

458.6 

462.6 

465.8 

'  Controlled  elevation. 


Table  3 

Water-Surface  Elevations,  Lock  Location  2,  Pian  B 


Gauge  No. 


Water-Surface  Elevations,  ft  NGVD,  for  Discharge,  cfs 


100,000 


162,000 


1 

459.9 

460.1 

461.0 

464.5 

467.5 

2 

459.8 

459.9 

460.4 

464.1 

467.2 

3 

459.6 

459.6 

459.8 

463.7 

466.8 

4 

459.5’ 

459.5' 

460.0 

463.9 

467.1 

5 

459.7 

459.4 

459.4 

463.5 

466.7 

6 

451.1 

454.8 

458.9 

463.0 

466.3 

7 

451.1 

454.7 

458.8 

462.9 

466.2 

8 

451 .2 

454.6 

458.7 

462.6 

466.1 

9’ 

451 .0 

454.4 

458.6 

462.6 

465.8 

Controlled  elevation. 


Table  4 

Water-Surface  Elevations,  Lock  Location  3,  Plan  A 


Gauge  No. 


1 


Water-Surface  Elevations,  ft  NGVD,  for  Discharge,  cfs 


276, 


459.6 

459.8 

460.7 

464.3 

467.4 

459.6 

459.5 

460.1 

463.9 

467.1 

459.5 

459.3 

459.6 

463.5 

466.7 

459.5' 

459.5' 

459.7 

463.7 

466.9 

459.6 

459.2 

459.5 

463.4 

466.5 

451 .3 

454.8 

459.2 

463.0 

466.2 

451 .2 

454.6 

458.9 

462.8 

466.1 

451 .2 

454.6 

458.9 

462.8 

466.1 

451.0 

454.4 

458.6 

462.6 

465.8 

'  Controlled  elevation. 


Table  5 

Water-Surface  Elevations,  Lock  Location  4,  Plan  A 


Gauge  No. 


Water-Surface  Elevations,  ft  NGVD,  for  Discharge,  cfs 


1 

459.7 

459.6 

461.2 

464.8 

467.8 

2 

459.6 

459.4 

460.6 

464.4 

467.5 

3 

459.5 

459.3 

460.1 

464.0 

467.1 

4 

459.5' 

459.5’ 

460.7 

464.4 

467.5 

5 

459.5 

459.2 

459.9 

463.7 

466.9 

6 

451 .7 

454.8 

458.9 

463.3 

466.5 

7 

451 .3 

454.5 

458.7 

462.7 

465.9 

8 

451.4 

454.6 

458.9 

463.0 

466.3 

9' 

451 .0 

454.4 

458.6 

462.6 

465.8 

'  Controlled  elevation 


Table  6 

Downbound  Tow  Approach  Times^ 


Lock  Location 


Existing  Condition^ 


2,  Plan  A 


Discharge,  cfs 


50,000 


162,000 


276,000 


50,000 


162,000 


276,000 


50,000 


162,000 


276,000 


50,000 


162,000 


276,000 


50,000 


162,000 


276,000 


Approach  Time,  min' 


22.26  +  19.40  =  41 .66 


19.25  +  22.88  =  42.13 


22.40  +  14.09  =  36.49 


25,04 


2,  Plan  B 


’  Approach  times  are  measured  from  sta  67+20  to  lock  chamber. 

^  Existing  conditions  measurements  are  a  combination  of  field  data  and  model  data.  Model  data 
were  used  from  sta  67+20  to  upstream  end  of  right  bank  longitudinal  dike,  and  field  data  were 
used  to  time  maneuvering  required  for  tow  to  enter  lock  chamber  (including  time  required  for 
helper  tow).  Approach  times  were  calculated  using  the  following  formula:  model  data  +  field 
data  =  total  approach  time. 

®  Tow  unable  to  enter  upper  lock  approach 


Photo  2.  Looking  upstream,  showing  helper  towboat  pushing  the  head  of  a  downbound  tow  into 
the  guide  wall.  Note  clearance  between  stern  of  tow  and  rock  dike. 


Photo  4.  Looking  upstream,  showing  upbound  tow  leaving  lock.  Note  landward  set  of  tow  neces¬ 
sary  to  counteract  currents  moving  across  upper  lock  approach 


Photo  7.  Existing  conditions,  looking  upstream,  discharge  162,000  cfs,  path  of  downbound  tow 
approaching  600-ft  lock 


Photo  8.  Existing  conditions,  looking  upstream,  discharge  162,000  cfs,  path  of  upbound  tow 
leaving  600-ft  lock 


Photo  10.  Existing  conditions,  looking  downstream,  discharge  162,000  cfs,  path  of  upbound  tow 
approaching  600-ft  lock 


Photo  12.  Lock  Location  2,  Plan  A,  looking  upstream,  discharge  162,000  cfs,  showing  path  of 
downbound  tow  approaching  1 ,200-ft  lock 
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Photo  14.  Lock  Location  2,  Plan  A.  looking  downstream,  discharge  162,000  cfs,  showing  path  of 
downbound  tow  leaving  1 ,200-ft  lock 


Photo  15.  Lock  Location  2  Plan  A,  looking  downstream,  discharge  162,000  cfs,  showing  path  of 
upbound  tow  approaching  1,200-ft  lock 


Photo  17.  Lock  Location  2.  Plan  B.  looking  upstream,  discharge  50,000  cfs,  showing  path  of 
downbound  tow  approaching  1,200-ft  lock 


Photo  18.  Lock  Location  2.  Plan  B.  looking  upstream,  discharge  162,000  cfs,  showing  path  of 
downbound  tow  approaching  1,200-ft  lock 


Photo  19.  Lock  Location  2.  Plan  B,  looking  upstream,  discharge  162,000  cfs,  showing  path  of 
upbound  tow  leaving  1 ,200-ft  lock 


Photo  20.  Lock  Location  3  Plan  A.  looking  upstream,  discharge  50,000  cfs,  showing  path  of 
downbound  tow  approaching  1,200-ft  lock 


Photo  22.  Lock  Location  3.  Plan  A,  looking  upstream,  discharge  276,000  cfs,  showing  path  of 
downbound  tow  approaching  1 ,200-ft  lock 


Photo  23.  Lock  Location  3,  Plan  A,  looking  upstream,  discharge  162,000  cfs,  showing  path  of 
upbound  tow  leaving  1,200-ft  lock 


Photo  24.  Lock  Location  3,  Plan  A,  looking  downstream,  discharge  162,000  cfs,  showing  path  of 
downbound  tow  leaving  1 ,200-ft  lock 


Photo  26.  Lock  Location  4  Plan  A,  looking  upstream,  showing  upper  lock  approach 


Photo  27.  Lock  Location  4  Plan  A,  looking  downstream,  showing  lower  lock  approach 


Photo  28.  Lock  Location  4,  Plan  A,  looking  upstream,  discharge  162,000  cfs,  dye  showing 
current  pattern  approaching  locks 


Photo  29.  Lock  Location  4  Plan  A,  looking  upstream,  discharge  50,000  cfs,  showing  path  of 
downbound  tow  approaching  1,200-ft  lock 


Photo  33.  Lock  Location  4  Plan  A.  looking  downstream,  discharge  162,000  cfs,  showing  path  of 
upbound  tow  approaching  1.200-ft  lock 
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Plate  3 


Plate  4 


Plate  5 


Plate  6 


Plate  7 


Plate  8 


Plate  9 


Plate  10 


Plate  11 
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Plate  13 


Plate  14 


Plate  15 


Plate  16 


Plate  17 


Plate  19 


Plate  20 


Plate  21 


Plate  22 


Plate  23 


Plate  24 


Plate  25 


13.  (Concluded). 

the  left  bank  and  a  ported  upper  guard  wall  would  reduce  lire  uulUian,  elliiiliiaie  ilic  iieca  roi  a  iicipci  lowooai,  aiiu 
improve  navigation  conditions  for  tows  entering  and  leaving  the  upper  lock  approach.  Lock  Location  2  would 
require  a  ported  upper  guard  wall  and  extensive  modification  of  the  right  bank  to  provide  satisfactory  navigation 
conditions  for  tows  entering  and  leaving  the  upper  lock  approach.  Marginally  acceptable  navigation  conditions  for 
tows  entering  the  upper  lock  approach  could  be  established  at  Lock  Location  3  by  adding  a  guard  wall,  but  also 
adding  a  system  of  dikes  would  improve  navigation  conditions  considerably.  A  ported  upper  guard  wall  without  a 
system  of  dikes  or  any  modification  to  the  existing  bank  would  provide  acceptable  navigation  conditions  for  tows 
entering  the  upper  lock  approach,  but  adding  a  system  of  dikes  would  improve  navigation  conditions. 


